Nucleosome organization affects the accessibility of cis-elements to trans-acting 1 8 factors. Micrococcal nuclease digestion followed by high-throughput sequencing 1 9 3 7 micrococcal nuclease digestion followed by high-throughput sequencing (MNase-seq) 3 8
the MNase-seq reads reflect nucleosomal DNA accurately. We defined a "rotational 1 3 8 score" to measure the 10 bp AA/TT/AT periodicity (Method section) and compared with the distribution of historical data ( Fig 3A) . A judgment of "rotational score" 1 4 0 (Pass or Fail) was assigned for the input sample to measure the rotational positioning 1 4 1 ( Fig 3B) . The nucleosomal DNA length distribution reflects the 1 4 9
MNase concentration 1 5 0
The nucleosomal DNA length distribution (referring to the fragment length or MNase DNA from the input data and compared with the distribution of historical data to 1 5 7 reflect the MNase concentration (Method section, Figure 4B ). Although different indicates partial or over digestion of MNase, respectively. scores consist of 1) a promoter NFR score to check the existence of NFR at promoters 1 9 0 ( Fig 6A, B) and 2) a promoter positioning score to measure the successive well-1 9 1 positioned nucleosomes at the downstream promoters ( Fig 6C, D) . profiles were generated and plotted as aggregate plots and heatmaps on (A) promoters kb from the TSS of all refseq genes, and the custom regions were extended to +/-1 kb were sorted by the MNase-seq read counts within the regions. An MNase-seq data 1 9 9 from a human lymphoblastoid cell line (GSM907784) was selected to plot the 2 0 0 nucleosome profiles on both promoters and custom regions. MNase-seq data in promoter positioning score. example, Fig 5B) as custom regions, and check whether the successive well-2 1 4 positioned nucleosomes are also observed at these regions as an additional QC 2 1 5 measurement. In our previous work, we developed an effective method to detect cis-regulatory region, such as transcription factor binding site [1, 6, 7] , and is very unlikely to be 2 2 1 generated at random. analysis, which is similar as ChIP-Seq peaks, and solve the problem that MNase-seq 2 2 6
data do not show enrichment in any regions. We showed that these nucleosome arrays MNase-seq data to detect cis-regulatory elements with well-positioned nucleosome 2 3 3 arrays. Samples with fold enrichment less than 2 are regarded as "Fail" in this MNase-seq reads with the -m 1 parameter. Users could adjust two other parameters 2 7 8
("-X" for maximum insert size in paired end data and "-3" for trimming bases from 2 7 9
3'end of reads) in the configure file. To maintain high-quality alignment results, we 2 8 0 removed reads with a sequencing quality less than 30 (The default cutoff of MAPQ To generate nucleosome profiles, the sequencing reads were transformed into 2 8 7 nucleosome reads as follows: for single end sequencing data, the reads were extended 2 8 8
to 147 bp in the 3' direction; for paired end data, the paired end fragments were 2 8 9
extended to 73 bp in both the 5' and 3' directions from the fragment centers. Then, 2 9 0 the middle 73 bp centered on the extended fragments were compiled as the 2 9 1 nucleosome profile. The sequencing coverage (fold) was defined as
The "number of reads" was defined as the number of 2 9 8 mappable reads after MAPQ filtering for single end data and the number of fragments 2 9 9
for paired end data. Additionally, "194 bp" represented the total length of the features on the chromosomes. We compared the nucleosome positioning scores on a simulated perfect positioning 3 1 0 region with a no positioning region with different sequencing coverage to demonstrate 3 1 1 the influence of the sequencing coverage on the resolution of nucleosome positioning.
1 2
A 1200-bp region was prepared for all simulations. Five "potential nucleosome 3 1 3
centers" were marked with a distance between adjacent centers equal to 194 bp 3 1 4
(nucleosomal + linker DNA length, estimated with the historical data). Simulated sequencing coverage in the two types of regions were calculated using the method 3 2 1 described below ("Detect well-positioned nucleosome arrays" section). We sampled down all mappable reads to 10 million and extended each read to 147 bp rotational score) to demonstrate the extent to which the MNase-seq reads reflect the 3 3 1 nucleosome organization. Samples with rotational scores greater than 0.08 were 3 3 2 defined as "Pass" in this measurement, whereas the other samples were defined as among all historical MNase-seq data. fragments was used to directly infer the nucleosomal DNA length distribution. For the 3 4 0 single end samples, we calculated a start-to-end distance to estimate the nucleosomal calculated the distribution of the distance from the 5' end of each plus strand read to 3 4 3 all 5' ends of the minus strand reads (the start-to-end distance) within 250 bp The nucleosome profile was generated as described in the "Data pre-processing" To calculate the promoter NFR score, we first generated the average MNase-seq To detect well-positioned nucleosome arrays, first, the mappable read were extended 3 8 6
to 147 bp in the 3' direction; then, the centers of the extended reads were compiled to absolute difference between the adjacent bps was calculated as the modified profile. Then, the local maximum within +/-73 bp was selected. All adjacent local maxima 3 9 2 were connected to create a "nuc-array" curve and a signal that was defined as the 3 9 3
"nuc-array" value. The "nuc-array" value was transformed to a fold enrichment value 3 9 4
over the background (defined as the average "nuc-array" value across the genome). The well-positioned nucleosome array was defined as segments with lengths greater 3 9 6 than 600 bp and fold enrichment greater than 2 (default, the cutoff of length and fold 3 9 7 enrichment can be changed by the users). We generated a 5 columns bed file with the file is the "nuc-array" value. The method was also described in a previous work [8] .
The positioning score for the simulated regions (described above) was calculated by 4 0 2 the average "nuc-array" value across the whole simulated regions. The enrichment fold on the promoters of the nucleosome array was defined as the fold promoter length compared with the effective genome size (mentioned above). Then, 4 1 2 the promoter regions were defined as 3 kb downstream from the TSS of refseq genes.
1 3
Similar enrichment fold was also performed on the Union DHS sites, which were 4 1 4 generated by merging the narrow peak of all DNase-seq data from the human and 4 1 5 mouse (separately) from the ENCODE and Roadmap Epigenomics project as 4 1 6
previously described [12] . Samples with enrichment fold greater than 2 were defined 4 1 7
as "Pass" in this measurement, otherwise they were "Fail". The length of overlapped nucleosome arrays is marked as a feature of the certain gene output folder, which is named as "outputname_geneLevel_nucarrayAnnotation.bed".
2 5
The additional analysis result is a bed file with 6 columns, including "chromosome 4 2 6 name", "promoter start site", "promoter end site", "refseq ID", "promoter nuc-array 
